The aim of the study was to examine the additive effect of resistance training (RT) to a dietary education (DE) intervention on emerging coronary heart disease (CHD) risk factors, concentration of apolipoproteins B (apoB) and A-I (apoA-I), and Dietary Approaches to Stop Hypertension (DASH) Diet Index scores in overweight and obese older adults. Instruments, Concord, CA]), clinical (blood pressure), and biochemical (lipid profile and apoB and apoA-I concentrations), and the DASH Diet Index was used to measure diet quality. Results: 27 subjects (11 males, 16 females), with a mean age of 66.6 ± 4.3 years, were included in analyses. The DERT subjects had significantly better triacylglycerol and apoB concentrations and DASH Diet Index scores than the DE subjects post-intervention. Improvements were seen within the DE group in energy intake, fat-free mass, and systolic blood pressure and within the DERT group in body weight, percentage of body fat, BMI, diastolic blood pressure, and oxidized low-density lipoprotein (all P , 0.05).
Introduction
Coronary heart disease (CHD) is the leading cause of death in the United States. 1 Over 80% of CHD-related deaths occur in older adults ($ 60 years old). 2, 3 Obesity-related dyslipidemia contributes to CHD and it is important to target as 78.4% of older men and 68.6% of older women are overweight. 1, 4 Dyslipidemia or elevated total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), triacylglycerol (TAG), and/or decreased high-density lipoprotein cholesterol submit your manuscript | www.dovepress.com
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Valente et al (HDL-C) levels are traditional CHD risk factors. 4 Currently, LDL-C is the primary lipid measured to determine when to initiate lifestyle and/or pharmaceutical interventions. 5, 6 However, traditional measures fail to identify dyslipidemia contributing to CHD in approximately 22% of those with recommended LDL-C levels. 7 New research suggests apolipoproteins B (apoB) and A-I (apoA-I), the primary apolipoproteins of LDL and HDL, respectively, may reveal CHD risk earlier than traditional measures. 7, 8 There is one apoB per very low-density lipoprotein (VLDL) and LDL particle in circulation. 9, 10 An increase or decrease in the number of LDL particles can be determined by apoB and this determines a different CHD risk than cholesterol concentrations alone. 11 ApoA-I is unique to HDL particles. One of its primary roles is to activate lecithincholesterol acyltransferase, which esterifies free cholesterol released from non-hepatic tissue. Cholesterol removed from circulation via transport by HDL particles to the liver is utilized in bile acid production, leading to attenuated progression of atherosclerosis. 5, 12 The Dietary Approaches to Stop Hypertension (DASH) diet, which is high in fruits, vegetables, low-fat dairy, whole grains, nuts and fish, and low in total fat, cholesterol, and red meat, 13, 14 decreases TC and LDL-C levels. 15 Compliance with the DASH diet and diet quality can be measured via the DASH Diet Index. 13 Since the DASH diet reduces traditional CHD risk factors, it is essential to determine if it results in similar improvements in emerging risk factors such as elevated apoB concentrations, low apoA-I concentrations, as well as with other lifestyle modifications such as physical activity. 16, 17 While studies have shown that the combination of exercise and diet may have beneficial effects on health-related outcomes such as improvements in HDL-C and TAG levels, retention of muscle mass, and strength, 18 no studies have examined the additive effect of resistance training (RT) to dietary education (DE) programs on emerging risk factors such as elevated apoB concentrations, low apoA-I concentrations and diet quality in overweight and obese older adults. Previous research has shown improvements in TC, TAG, and LDL-C levels 19, 20 with combined programs; however, this was not specific to RT. The addition of RT and DASH diet adherence may positively affect traditional and emerging risk factors. The primary aim of this study was to examine the additive effect of RT to a DE intervention (DERT) compared with DE alone on apoB and apoA-I concentrations, and the secondary aim was to examine the effect of the same intervention on diet quality.
Material and methods study design
This ancillary study was based on a 10-week randomized clinical intervention examining the additive effects of DERT on emerging CHD risk factors and diet quality in 31 overweight and obese older adults. The primary study examined differences in physical functioning within and between DE and DERT. 21 Primary dependent variables in this ancillary study were apoB and apoA-I; the secondary dependent variable was the DASH Diet Index score.
subjects
After study procedures were explained and medical clearance was obtained, subjects read and signed an informed consent form that was approved by the Institutional Review Board of the University of Rhode Island. Inclusion criteria were as follows: (1) aged between 60 and 75 years; (2) not engaged in a regular exercise program (within the past 6 months); (3) body mass index (BMI) of 25-39.9 kg/m 2 ; (4) stable weight (within 5%) for the past 3 months; (5) ability to safely engage in moderate exercise; and (6) medical clearance. Subjects were excluded if lipid-lowering medications were started #6 months prior to the study, if any other medications were started #3 weeks prior to the study, or if medications changed during the study.
Measurements Anthropometric
Height was measured to the nearest 0.5 cm using a stadiometer (SECA 220; Seca North America East, Hanover, MD). Weight was measured to the nearest 0.1 kg using a digital read scale (part of the BIOPOD ® system; Body Composition System; Life Measurement Instruments, Concord, CA). BMI was calculated in kg/m 2 . Body composition was measured using an air-displacement plethysmograph (part of the BIOPOD system).
Biochemical
A phlebotomist collected 12-hour fasting venous blood samples on 2 nonconsecutive days in 1 week. Briefly, whole blood was centrifuged (Eppendorf Centrifuge 5810R; North America, Inc, Westbury, NY) at 1500 × g for 20 minutes at 4°C to obtain plasma. 22 A preservation cocktail was added and samples were aliquoted into separate labeled microcentrifuge tubes and stored at −80°C.
Concentrations of TC and TAG were determined enzymatically (Roche, Indianapolis, IN). 23 Concentrations of HDL-C were measured with Roche Diagnostics-USA kits (Roche, 
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Dietary education intervention plus resistance training in older adults Indianapolis, IN) after precipitation of apoB-containing lipoproteins using a dextran sulfate and magnesium chloride solution (Acros Organics, Morris Plains, NJ). 24 Concentrations of LDL-C were determined by the Friedewald equation. 25 Oxidized LDL (oxLDL) was determined using enzyme-linked immunosorbent assay kits (oxidized LDL assays kits; ALPCO, Salem, NH). Apolipoprotein concentrations were determined by immunoturbidimetric assays (Diazyme Apo A-1 and Apo B assays; Diazyme, Poway, CA).
Clinical
Blood pressure was measured after subjects were in a quiet, seated position for $5 minutes, using a standard aneroid sphygmomanometer (American Diagnostic Corporation, Hauppauge, NY). Resting blood pressure was taken twice and averaged. 26 
Questionnaires
Subjects completed a medical history, the Yale Physical Activity Survey (YPAS), and a food frequency questionnaire (FFQ). The YPAS is a validated measure of subjects' physical activity levels. 27 The FFQ, developed by the Nutrition Assessment Shared Resource of the Fred Hutchinson Cancer Research Center, assessed the previous month's dietary intake and had multiple parts. The first part asked about food preparation and the types of fats consumed. The second part contained questions regarding usual frequency and amount of intake of 120 food items and beverages. The last three questions asked about the usual intake of fruits, vegetables, and added fats.
Diet quality
From the FFQ, diet quality was assessed using the DASH Diet Index. 13 A value of 0.0, 0.5, or 1.0 was given for not meeting, almost meeting, or meeting each of the eleven components, respectively ( Table 1 ). The maximum DASH Diet Index score is 11 and indicates total concordance with the DASH guidelines. 13 Output from the FFQ gave frequencies and serving sizes of each item on the questionnaire. Foods were divided into eleven groups representing the eleven components, the servings were totaled, and servings per week or servings per day were calculated. Percentage of fat, percentage of saturated fat, and sodium (mg) did not require determinations of servings. All eleven components were then scored and totaled to calculate DASH Diet Index scores.
randomization
All subjects were randomly assigned to either the DE or the DERT group after baseline testing. After beginning the study, three subjects dropped out of the DE group; reasons for this were (1) dissatisfaction with the group assignment; (2) a healthrelated problem unrelated to study; and (3) subject unable to be contacted for follow-up testing. One subject in the DERT group was excluded from analyses due to a change in blood pressure medication. Twenty-seven subjects were included in the final analyses. DASH Diet Index scores are only presented on 25 subjects (DE, n = 11; DERT, n = 14) because two subjects did not complete the post-intervention FFQ. All measurements described were obtained at baseline and post-intervention.
De intervention
All subjects participated in 30 minutes of DASH-based DE per week. A registered dietitian led the classes; session topics included an introduction to the DASH diet, interpreting nutrition labels, recognizing whole grains, and self-monitoring. The total fat goal was modified to #35% from the original goal of #27%; this was done to promote unsaturated fatty acids, due to their cardioprotective effects. 28 Subjects were encouraged to engage in 30 minutes of physical activity on most days, as recommended by the American College of Sports Medicine 29 and measured by the YPAS pre-and post-intervention. Each subject was given a personalized diet based on their basal metabolic rate (BMR) calculated by the Harris-Benedict equation. 30 The BMR was multiplied by an activity factor of 1.2 for a sedentary lifestyle and was reduced by 10% to promote weight loss. 21 
rT intervention
The DERT group participated in both DE and RT sessions. The RT sessions were 40-minute supervised sessions on 3 
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Valente et al nonconsecutive days per week. Six lower and upper body exercises, along with age-appropriate stretching, were performed at each session on Cybex ® machines (Cybex International, Inc, Medway, MA) with each subject. Lower body exercises were the leg press, leg curl, and knee extension; Upper body exercises were the chest press, back row, and shoulder press. Each subject completed four sets of 8-12 repetitions and resistance was increased gradually over time. A team member monitoring each subject's ability to maintain proper form and to complete 8-12 repetitions made adjustments to the resistance for each exercise on an individual basis. When a subject could complete more than 12 repetitions with proper form on a given exercise the resistance was typically increased in either the following set or the next session in order to have a repetition range of 8-12 repetitions with near-maximal effort. Additionally, given the population under study and that there were six exercises performed during the RT, the authors felt it would have been risky and an excessive testing burden on the subjects to perform one-repetition-maximum tests on all of the machines; thus, subjects were tested on a separate pneumatic leg press machine for assessing changes in lower body strength.
Previously the authors reported 21 that the DERT group increased their strength significantly and to a greater extent than those in the DE group. The 10-week duration was chosen as many physiologic outcomes have been shown to improve during this duration of intervention. [31] [32] [33] Additionally, significant weight loss has previously been achieved in older adults with and without RT over 10 weeks or less. 34, 35 statistical analysis Data were analyzed using SPSS software (v 19.0 for Windows; SPSS Inc, Chicago, IL). When examining differences within groups, time served as the independent variable; when examining differences between groups, group served as the independent variable. Descriptive statistics were performed to assess normality. For data that were not normally distributed, outliers were removed or appropriate transformations were made. Continuous variables were expressed as mean ± standard deviation and categorical variables were expressed as frequencies. Independent samples t-tests were conducted to determine if there were significant differences between groups at baseline and post-intervention. Mixed between-within subjects analysis of variance (ANOVA) was conducted to examine if there were significant differences between groups over time. Partial eta squared values were obtained from the ANOVA test in order to determine the effect size of the interventions and were defined as 0.01 (small), 0.06 (medium), and 0.14 (large). 36 Paired samples t-tests were conducted to determine differences within groups, from baseline to post-intervention. Statistical significance for all analyses was set at P , 0.05.
Results
The majority of subjects were female (59.2%) and obese (77.7%), and all identified themselves as white (Table 2) . Results did not differ between overweight and obese subjects. Just over 25% of subjects were taking lipid-lowering medication (statin or fibrate) and 14.8% were taking antihypertensive medication. Using a chi-square analysis, there were no significant differences between the DE and DERT groups in the number of subjects taking lipid-lowering or antihypertensive medication.
Results for clinical and biochemical data are presented in Table 3 . There were no significant differences between groups in all variables at baseline and no significant interaction between the interventions and time. The DERT subjects had lower apoB and TAG (P , 0.05) concentrations post-intervention than the DE subjects. The DERT group decreased oxLDL levels over time (P , 0.05). Only DE decreased systolic blood pressure and only DERT decreased diastolic blood pressure (both P , 0.05). Figure 1 displays results for total DASH Diet Index scores at baseline and post-intervention. At baseline there were no significant differences between groups in total scores. There was a difference between groups post-intervention (P , 0.05).
Additionally, energy intake and body composition were examined ( Table 4 ). The DE group decreased total energy intake and fat-free mass (P , 0.05). The DERT group decreased body weight, percentage of body fat, BMI, and fat mass (P , 0.05). Although no differences were observed between groups in percentage of body fat, fat mass, and fatfree mass, effect sizes for the time by group interaction for 
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Dietary education intervention plus resistance training in older adults these variables suggested a large effect of the interventions (effect sizes: 0.369, 0.267, and 0.342, respectively).
Discussion
This study is novel because it is the first to examine the additive effect of RT to a DE intervention on apoB and apoA-I concentrations and diet quality. Results for the aims of this study indicate improvements in apoB concentrations and diet quality with DERT while, unexpectedly, no differences were observed in apoA-I concentrations. Additionally, there were improvements in body composition with RT.
Although no differences were seen in lipoprotein cholesterol concentrations, differences were seen in apoB concentrations between groups post-intervention and in oxLDL levels over time with DERT, suggesting other components of lipoproteins may change besides cholesterol. Although not statistically significant, the decreases seen in oxLDL and apoB concentrations might have been due to the higher percentage of subjects meeting saturated fat (SFA) (#10%) guidelines with the DASH Diet Index (data not shown). These findings are consistent with previous findings, 37 reporting that subjects who consumed low-saturated-fat diets were less susceptible to LDL and apoB oxidation (P , 0.05). Altering total fat intake may extend beyond LDL-C only, including changes in particle number and size that may further decrease CHD risk. Unexpectedly, there was no change in apoA-I concentrations with DERT. A previous study 38 reported that a 4%-5% decrease in body weight would be necessary to see significant changes in apoA-I concentrations. In this study, the DE group decreased their body weight by 1.9% and the DERT group decreased theirs by 3.7% over 10 weeks. DASH Diet Index scores differed between groups post-intervention. The addition of individualized, structured RT to DE might have provided additional social interaction and motivation that might have increased the DERT subjects' self-efficacy for making changes. However, this study did not directly measure self-efficacy.
In addition to the primary and secondary aims, DERT resulted in improvements in overall body composition, evidenced by the decrease in BMI, percentage of body fat, and fat mass with DERT. The DE group decreased fat-free mass, suggesting that RT can positively influence body fat while preserving overall fat-free mass.
While some exercise modalities have been thoroughly explored in relation to CHD risk, 16, 17 the effects of RT on CHD risk has yet to be fully investigated. Compared with a control group, a RT group (mean age 73 ± 3 years) achieved lower LDL-C and TC after 10 weeks. 18 Additionally, in Fahlman 
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Valente et al et al, 18 the RT group demonstrated similar improvements in HDL-C and TAG levels compared with a group participating in aerobic training (AT), suggesting that RT may be as beneficial as AT in reducing risk. The additive effect of RT to DE has yet to be thoroughly explored as well. However, the decrease in TAG seen in this study is consistent with previous combined diet and exercise wellness programs in older adults. 19, 20 Despite the novel findings, there are some limitations. The participants were all Caucasian and therefore the data is not generalizable to all races. The sample size was small and the primary outcome that this research was powered on was to achieve a difference in functionality. 21 To see significance in differences in the apoA-I and apoB concentrations, a total of 48 subjects would have been needed, but the primary study's sample size was powered on expected differences in physical functioning. 21 However, effect sizes are provided, and in the future, if a larger sample size were to be utilized, significant differences between groups in both apolipoproteins as well as other variables may be found. Also, the control group in this study represented a usual care group. In the future, a group receiving only RT and a strict control group would be beneficial. In addition, all dietary data were collected through self-report, which can lead to over-reporting of food intake. The FFQ requires subjects to estimate food portion sizes, which may be difficult if a person is not familiar with food measurements. Additional exercise outside the RT sessions was not monitored. It may be useful to have subjects utilize pedometers or accelerometers in the future. Lastly, a longer study or follow-up assessment may be useful to determine if this intervention has a prolonged effect and can truly initiate this change in lifestyle.
Despite these limitations, this research had several strengths. First, the DASH diet has reduced traditional CHD risk factors in previous studies, making it reasonable to hypothesize that it may also reduce emerging risk factors. 15 Second, the DE classes were relatively small (2-6 subjects) which created a supportive learning environment, encouraged class discussions, and allowed more personalized diet information. Third, all RT sessions were one-on-one and with the same staff member each time, allowing individualized training sessions, high comfort level with study staff, and safe and effective increases in resistance. Lastly, subject attendance of both the DE and the RT sessions was high. Subjects in the DE group attended 85% of DE sessions, while DERT subjects attended 98% of DE sessions and 96% of RT sessions. As previous research has shown, better adherence is associated with better overall outcomes, and is a significant predictor of weight loss.
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Conclusion
The results of this ancillary study indicate that the addition of RT to a DE intervention is effective in reducing traditional and emerging CHD risk factors, diet quality, and body composition in white overweight and obese older adults. Although DERT was not more effective than DE at raising apoA-I concentrations, those participating in DERT had significantly lower apoB concentrations, DASH Diet Index scores, and TAG levels than those participating in DE alone. It may be useful to measure self-efficacy in future studies. Further research is needed with larger sample sizes to determine if this type of combined intervention is the most effective way to improve overall health and other lipoprotein components besides cholesterol concentrations. 
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